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2 . 



CUIXNS 

DMA-binding molecule , capable of aequence specific binding 
to tlic minor groove of double -stranded DNA, characterised in 
that it comprises at least two sequence specific DNA-binding 
elements^ covalently linked to eagh other in tandem 
'orientation, by an ati^hipathic, flexible linker molecule, at 
least one of said DNA binding elements being non- 
pro teinaceous . 

DNA-binding molecule according to claim 1 wherein at least 
one of the DNA-binding elements comprises an oligomer 
comprising one or more organic heterocyclic amino-acid 
residues. 



4 

7 



DNA-binding molecule according to claim 2 wherein each 
organic heterocyclic residue has at least one annular 
nitrogen, sulphur or oxygen. 

DNA-binding molecu^ according to claim 2 or 3 wherein said 
heterocyclic residue\ is chosen from pyrrole, itnidazole, 
triazole. pyrazole, fWan, thiazole, thiophene, oxazole, 
pyridine, or derivatives p£ any of 'these compounds wherein 
one or more of the het Woma . are aubstituted by a 
substituent which ia Dr«.-binding^or non-DNA^binding. 

DNA-binding molecule according to ^claim 4 wherein at least 
one X heterocyclic reaidue. chosen from 

methyip^,ole,(Py, 3.,^, ^^-methylpy„ole (hp) 

and / or N-methylimidazole dm) . 



6, 



DNA-binding molecule 
wherein the DNA-bindi 



'^rding to any one of claims 2 to 5 
^^lement farther compriaaa at least 
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;,^id residue Buch a0 a p-alanine (P) 
one aliphati\3 amino acid res^-oue 

residue, or i S-amirxovaleric acid residue. 

.^-.indi^ Aecule ac.ordin. to a.y one o. clai^ . - 
having the gen\ral formula (I) : 



IR'] b 



L 



(1) 



[R"]<j 



N 



Wherein \ DNA- binding element, said 

each of to P" referesents a DNA oinux y 

- each ot , . ^1 /^^ipie organic heterocyclic or 

element couvpriaing \iri^l^="P-Le,. ^ ^v,pTeof - 

aliphatic residues orAfluU^cent derivatives thereof . 

eal of to R« JrlA a DNA-binding element said 

' each or llliAple organic heterocyclic or 

element compriamg ImUlti-pie ory 

'„ - ^-4 Aiioregcent derivatives thereof , 
aliphatic residues or» fluorescent 

. . .apresenta an integei fro. 1 to 20, with the proviso 

that When x is greater\than 1, the «rultiple copies of 

[R-] , IL"! , and IT"] W be the same or different ; 

. n represents an integer hiving a value equal to (x-M) , 

. IT] representa a multV functional linking molecule 

providing a covalent linA between DNA-binding eletoenta 

[R] and [PI. with the provVso that if "e" represente 0, 

j.^x*ij jae bifvinetional ? \ 

- each of a and c independentlVs represent 0 or 1 ; 
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. , Ad d independe.t:Xy represent 0 or 1, with t^e 
each of to a^d o *- ^„ n b elso represent b 0, 

proviso tha\ when a represents 0. b e 
^.d when c xWresents 0. d also represents 0 , 
and when c rep effector nioiety. 

represent^an end .roup r an e ^^^^^ ^^^^^^^^^ 

.epresentyan ^'"^^^^-^^^J; ^ ^ orientation 
liuKing the DNVbinding elements xn 
with respect toVeach other ; 
^ ^epre^ents an Vnteger from 1 to 10 

. « Wacer unit such as p-alanme i 
TBI represents a lapacer u" 

. N and C indicate thd N- ana ^ 



molecule, respectivel 



pm-binding .molecule acirding to clai^ 



binding elements P and \ R 
chosen from pyrrole, imid 
thiazole. thiophene, oxazc 
of these compounds whereiV 
substituted. 

9. DNA-binding molecule accordii 
formula (XI) 



7 wherein the DNA- 
comprise heterocyclic residues 
,e, triazole. pyraaole. furan, 
p^dine, or derivatives of any 
or more of the heteroatome is 



to claim 8 having the general 



[D]£— [B], 



(ID 



wherein [pM , [P") , (D , tD] , [Z]\ x, m. f, g and e have the 
previously defined meaninga 
and a dotted line represents a covalent bond which can be 
present or absent . 



the DNA-binding dlements li:- J 
general formula (ilD 



(III) 



Wherein : ' I ^^^^ , ™ono..eric unit choaen from a 

each U IB ^-"^^P^Tt^^^^^ or an aliphatic amino acid 

Heterocyclic amino \cxd reeiaue, 

preaeat or absent. 

one U is chosen from Nimecny * . , , .^-^v 

, r.^. (HP) anA / or N-methyl imidazole (Im) . 
N-methylpyrrole (HP) anew 



X2. DNA-binding molecule ac 
one U is a p-alanine C 
residue . 



\^<3 to claim 10 wherein at least 
.sidue, or a 5-aminovaleric acid 



ule accorViing to claim 11 or 12 wherein S 
13. DNA-binding molecule according 

iB an integer from 2 to 5 

one of tP'l to =o«pri^. bet-~n 3 to = heterocyclxc 

amino acid residues. 

15. DNA-binding molecule according to claim 13 wherein at least 
one of [P^] CO [P"l comprisW more than two contiguous 
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heterocyclic at^no acid residues, for exattiple three, four or 
five contiguous ^eterocyc lie amino acid reeiduies. 
\ 

16. DMA-binding mole<^iile according to claim 15 wherein stretches 
of three to five Contiguous heterocyclic amino acid residues 
are separated froitAeach other by a p-alanine residue 

17. DNA-binding raoleculfe according to claim 10 wherein at least 
one of [P^] to [P"] the formula (IV) 



• C 



{IV) 



wherein U is as previoua^ly defined, 

[U4] is 3-alanin^, 

[Ui] to [U3], and [U5] to t^i] 

(Py) and / or M-methylimi 

[Ug] may be present or al 
preferentially |3- alanine 4 

and a dotted line represten^a a covalent bond which can be 
present or absent. 



^are chosen from N-methylpyrrole 
\}.^Im) , 

and if present is 



18.. DNA-binding molecule according to claim 17 wherein [Ual to 
[U3I, and [Us] to [U7] are each Vs-tnethylpyrrole (Py) . 

19. DNA-binding molecule according \to claim 10 wherein at least 
one of [P^] to [P*"] has the fomula (V) ; 



N 



...jjUx] - [Ui] - [U3] - [U4] - [U5] - [Ufi] - [U,l - RUa] - [U^] ^ 



(V) 
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wherein : 

- U is as previously definecL, 

I. 

' - [Uil to [Ue] \are chosen from N-methylpyrrole (Py) , N- 
raethyl imidazole (Im) and a P alanine residue, 

- with the pr&viso that the [U] immediately adjacent to 
each Im on the N- terminal aide ia a P alanine residue, 

[U9] may be present or absent, and if present is 
preferentially pAalanine, 

and a dotted liTO represents a covalent bond which can be 
present or absent .\ 



20, DNA-binding mo lecule\ according to claim 19 wherein at least 
one of [P^] to [P''] h^B the formula (VI) : 



N 



...Llm-p-Im-PyPV 



(VI) 



21. DNA-binding molecule a^ 
wherein x repreaents a 
4, 5, 6, 7, e, 9, ox 10, 



rding to any. one of claims 9 to 20 
^alVie from 2 to 10, for example 2, 3, 



22, DNA-binding molecule accordiyig to claim 7 having the general 
formula (VII) r 



N 



(VII) 



[D]f— [B]g— IP'] — [TM 



[Z]. 



N 



86 



1 I n, ^, f ^nd e have the previoi 



wherein 
[Z 



[T^] , (L) , [Dl , [B] , 
previously defined meanings . 



23 , DNA-binding tAplecule according to claim 22 wherein each of 



the DMA-bindi^pg elements [pM to [P"] and [R^] 
independently l^jave the general formula (VIII) 



to [R"J 



(VIII) 



wherein : 

• each U is independently a monomer ic unit choeen from a 
heterocyclic amino \ac id residue, or an aliphatic amino acid 
residue or a fluorescent derivative of the foregoing, and 
s is an integer froralo to 15,^ preferably from 1 to 6 
and a dotted line represents a covalent bond which can be 
present or absent 



24 . DNA-binding molecule ac^o^ding to claim 23 wherein at least 
one heterocyclic aminq residue comprieeB an annular 
nitrogen, 

25. DNA-binding molecule according to claim 24 wherein at least 

one of IP^J to [P"] or [R^l\ to [R"] contain a residue of N- 

methylpyrrole (Py) and /o^ 3 -hydroxy N-methylpyrrole {HP) 

and / or N-methyl imidazole ftim) . 
* \ 

26. DNA-binding molecule according to claim 25 wherein at least 
one of [P^l to [P"] or [RM \ to tR"] contain an aliphatic 
amino-acid residue such a3 a. pValanine (p) residue. 
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27. DNA-binding yolecule according to claim 23 or 24 wherein 9 
Ib an integer from 2 to 6. 

28 f DNA-binding uioi^ecule according to claim 23 or 24 wherein at 
least one of [p\l to [P"] or [rM to -[R^] compriseB at least 
four heterocyclia amino acid reaiduee. 

29. DNA-binding molecule according to claim 23 wherein at least 
one of [P^] to [P"]\or [rM to [R^] comprises more than two 
contiguous hete:(jocy&lic amino acid residues, for example 
three, four or five contiguous heterocyclic amino acid 
residues . 

3 0 DNA-binding molecule acdprding to claim 29 wherein stretches 
of three to five contigueus heterocyclic amino acid residues 
are separated from each other by a P-alaniixe residue. 



31. DNA-binding molecule accorq 

, one [P"] element has the folmu^ 

V 



to claim 23 wherein at least 
(IX) : 



N 

[[Ui] 



(IX) 



and at least one [R"] element has the formula (X) 



N 



[U 2I - 



(X) 



wherein each U represents independently N-methylpyrrole 
(Py),or 3 -hydroxy N-methylpyrrole (HP)/ or N-methylimidazole 
dm) or N-methyl pyrazole (Pz) , or 3 Apyrazolecarboxylic acid 
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(3-Pz) , or p-^lanine (|3) , q and s are independently integers 
from 1 to 10, 

and a dotted I'ine represents a cova-lent bond whicli can be 
present or abseri^t, 

wherein the U residues of [P'^] form anti-parallel pairs with 
the U residues of\ [R"] : 



- C 



[uY.'.-[u"h-[u'] 



[u *^]~,.- [i/]- [u4 " 

• N 



said pairs being chosen from Py/im, Itn/Py, Py/Py, Hp/Py. 
Py/Hp, P/Py, Py/P, P/l\i, Im/P, im/lm, P^/Py, 3-Pz/Pz, and 

v ^ 

33. pNA-binding molecule adcirdJ^ to claim 9 wherein at least 
one DNA-binding elementj [TJ , [R] and tP] moieties, 
and at least one DNA bibd^ng 'element ia free of [T] and [R] 
moieties- \ 

34. DMA-binding molecule accoirding to claim 9 wherein the 
tmiltiple [R] and [Pi elemenAo are different in length and / 
or composition. 



35. DNA-binding molecule according to any one of the preceding 
claims 7 to 34 having the capad^ity to bind in a raultidentate 
mode to a given strand of DNA. 

36. DNA-binding molecule according tV> any one of the preceding 
claims 7 to 3 5 wherein tn represeiits a value greater than or 



equal to one A and the amphipathic linker (D^ comprises an 
aaserably of linker st±»-unita (L) , 

\ 

37. DNA-binding molecule according according to claim 36 wherein 
the assembled lifiker (Dm is heterobifunctional . 

\ 

38. DNA-binding tnolefcule according to claim 3 6 wherein each 
lixiker sub-unit (i) is heterobifunctional. 



39. DNA-binding molecuie according to claim 36, wherein at least 
one (Ij) aub-unit ia . amphipathic . 

40. DNA-binding Tnolecule\ according to claim 37 wherein the total 
length of the linker uDm is between 5 to 250 Angstroms, for 
exart^le 5 to 50 AngstAoms . 

41. DNA-binding molecule Uccording to claim 37 wherein the 
functional groups are |Gh|)8en from amino, carboxyl, thiol, 
haloacetyl, aldehyde, M ^nu^o-oxy, maleimide groups, a 
symetrical anhydride aTttijmlogeii atoms. 

42. DNA-binding molecule according to claim 36 wherein at least 
one amphipathic linker iL) eub-unit compriseB one or more 
ether groups and/or ester groups for example molecules 
derived from ethylene oxide or propylene oxide . 



43 . DNA-biixding molecule accordtLng to claim 36 wherein at least 
one amphipathic* linker {L)\ sub-unit comprises one or more 
units of 8-amiiio-3, 6-dioxaoctanoic acid (Ao) . 

44. DNA-binding molecule according to any one of claims 1 to 43 
having the capacity to bind in a sequence specific xtianner to 
a DNA recognition sequence oc at least 6, preferably at 



« 



« 



least 10 and ihost prefeirably at least 14 base pairs in 
1 ength . 

45. DNA-bind±ng moleciile according to axiy one of claims 1 to 44 
having a moleoula:^ weight no greater than approximately 8 
kDa . ' 

\ 

46. DNA-binding molecule yccording to any one of claims 1 to 45 

wherein the said tooleqjile binds to the DNA minor groove. 

> 

\ 

47. DNA-binding molecule according to any one of claims 1 to 46 
which is cell -permeable. ^\ \ 

48- DNA-binding molecule ac^o^j^l^ to any one of claims 1 to 47 
having an apparent binding ^ffinity of at least 5 x 10^ M"^ . 

49. DNA-binding molecule according to any one of claims 1 to 49 
having an apparent binding afWnity of at least 1 x 10^ M"^, 



50. DNA-binding molecule accordinj^to any one of claims 1 to 49 
having an apparent binding affi|aity of at least 5 x 10^° M"^. 

51. Process for birring double -stranded DNA in a sequence- 
specific manner, cofn^rising contacting a DNA-target sequence 
within said DNA with DNA-binding molecule according to any 
one of claims l to 50, \^ conditions allowing said binding 
to occur . \^ 

52 - Process according to claim 51 Which is carried out in vivo, 
« in vitro or ex vivo. 

53 , Process according to claim 52 which is carried out in a 
cell. 
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54. Process accordin9 to claim 53, wherein said cell is 
euJcaryotic . 

55 - Process according to claim 53 , wherein said cell is 
prokaryotic. 

56* Process according to claim 54, wherein said cell is a 
vertebrate cell/ an invertebrate cell, a plant cell 

57. Process according to claim54, wherein aaid cell is a 
mammalian cell, an insect cell, or a yeast cell, 

58. Process accord:ftng to any one of claims 51 to 57 wherein the 
double stranded yNA is endogenous to said cell . 

59* Process according^^o any one of claims 51 to 57 wherein the 
double stranded DNA\ is heterologous to said cell. 

60 . Process according t^ claim 53 wherein the double stranded 
DNA target sequence co^priaee a chromatin element . 

61. Process according to dbmn 60 wherein the target sequence 
comprises a SAR-like seqdence, 

62 . Process according to clait^ ^60 wherein the target sequence 
comprises a GAGAA repeat\ sequence . 

\ 

63 . Process according to any one bf claims 50 to 62 wherein the 
target sequence has at least >8 and preferably at least 15 
bases . 
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64 



Process according to clfltira 60 wherein the target sequence is 
a cia- or \ trans -acting element mediating chromoaoTtie 
function. 



\ 



65 . Process according to claim 64 wherein the binding of the 

V 

target element wi*^h the sequence -specif ic binding molecule 
gives rise to ci3-\and / or trans -regulation of chromosome 
function, 

66. Process according toXclaim 53 wherein the double stranded 
DNA target sequence coWrisee a site mediating the activity 
of one or more regulatoW factors. 



67 , Process according to 
is a transcription 
, factor, a factor for 
in chromosome stability. 



egu. 



nzi 



wherein the regulatory factors 
^atory factor, a DNA replication 
Ltic activity, a factor involved 



68. Process according to. any one of claims 51 to 67, wherein the 
DNA-binding molecule is linked\to an effector moiety. 

\ 

69. Process for modulating chromoaome function in a eukaryotic 



cell. 



\ 



\ 



^ comprising the ste^ of contacting a genomic DNA element^ 
comprising a binding s^te mediating chromosome function, 
with a molecule accordiM to any one of claims 1 to 50 and 
having the capacity to bind in a sequence -specific maimer to 
said element, \ 

said step of contacting be^g carried out in conditions 
permitting binding of said compWnd to .said element, 
wherein the binding modulates chr^Mnosome function. 




70. Process foJs^ modulating the function of a DNA element in a 
eukaryotic c^ll. 

Comprising tlieyetep of contacting a genomic DNA element, so- 
caXled « chromato-n responsive element > <CRE) , 
•with a molecule a'c^cording to any one of claims 1 to 50 and 
having the capacityVto bind in a eequence-specif ic manner to 
aaid CRB, 

said step of contact aSng being carried out in conditions 
• permitting chromatin remodeling of the CRE by said compound, 
wherein aaid chromatin irfemodeling of the CR£ altera the 
activity of one or more yther DNA elements, so called 
« modulated DNA elements » irX the' genome . 

71- Cell containing a compound according to any one of claims 1 
to 50. ^ 

72. Cell according to claim 71, wherein said compound binds the 
DNA-minor groove. 

73. Cell according to ^^^im 71 which is a eukaryotic cell. 

74 . Non -human organism coi^^ rising a cell according to claim 71* 

75.^ Organism according to clkim 74 which is a non-human animal, 

16, Organism according to cla&tn y5 which is a transgenic, non- 
human animal * 



77. Organism according to claims 74 which is a plant. 

78. Organism accordilig to claim 77 which is a transgenic plant. 



79 . Pharmaceut^al composition comprint ing a compound according 
to any one\ of claims 1 to 5 0 in association wxtlci a 
physiological\y acceptable excipient . 

80. Compound accordi\g to any one of claims 1 to 50, for use in 
therapy . 

81. Compound accorUing t^o any one of claims 1 to 50 which is 
fluorescent or f lucres Mntly labelled. 

82. Compound according to claim 81 wherein the fluorescent label 
is a fluorescent dye euch as fluorescein, dansyl, Texas red, 
isoflulfan blue, ethyl red, malachite green, rhodamine and 
cyanine dyes. 



83^. Use of a compound ' according to olaim 81 for probing the 
epigenetic state ar^d location of DNA in chromosomes and 
nuclei ♦ 




84 . Uoe according to oO-aUm 83 for diagnosis of pathological 
conditions arising fror\ epigenetic status, 

85 . Use of a compound according to claim 81 for chromosome 
visualisation and marking in diagnosis , forensic studies, 
affiliation studies, or animal husbandry. 



